A new route to (؉)-estrone has been developed starting from the chiral building block having a bicyclo[3.2.1]octane framework based on the inherent stereochemical chemical nature of the chiral building block.
We have recently developed an efficient preparation of the chiral building block 2 by a route involving either an enzymatic 1) or a chemical 2) resolution step. Because of its inherent stereochemical and chemical nature with a sterically biased structure, it serves as a versatile chiral building block and has already been used in the efficient stereocontrolled syntheses of the antibiotic diterpene (ϩ)-ferruginol, 1) the calcitriol A-ring 3) and C/D-ring 2) precursors, the analgesic alkaloid (Ϫ)-morphine 4) and the structurally related morphinan alkaloid (Ϫ)-O-methylpallidinine, 5) the antitumor sesquiterpene (ϩ)-vernolepin, 6) and the 18-yohimbones. 7) We have now attempted its conversion into the representative estrogenic steroid hormone (ϩ)-estrone 1 [8] [9] [10] [11] [12] [13] [14] [15] applying the same synthetic methodology employed in the syntheses of the above mentioned natural products. We report here a new route leading to (ϩ)-estrone 1 starting with the building block (Ϫ)-2 by employing the regioselective retro-Dieckmann reaction and the ring-closing metathesis [16] [17] [18] [19] as key steps (Fig. 1) .
Because of its sterically biased structure, the bicyclic enone (Ϫ)-2 exhibited convex-face selectivity to allow diastereoselective introduction of the vinyl functionality at the b-position to give the single ketone 3, [ , in excellent yield. The observed regioselective cleavage may be due to the steric environment of the two carbonyl functionalities in which the less congested cyclohexanone carbonyl was preferentially attacked by methoxide ion to generate a transient bketo-alkoxide intermediate 11 to lead exclusively to the cyclopentanone 12 destined for the BCD-ring moiety of (ϩ)-estrone 1 (Fig. 2) .
In order to construct the C-ring moiety of (ϩ)-estrone 1, the cyclopentanone 12 was refluxed with the Grubbs' reagent in dichloromethane to initiate the ring-closing metathesis. The expected reaction took place readily to give the hydroindanone 13, [a] D 23 ϩ90.4°(cϭ1.4, CHCl 3 ), the C/D-ring moiety of (ϩ)-estrone 1, in excellent yield. The bicyclic ketone , by sequential reduction with lithium aluminum hydride and oxidation with PCC gave the benzyl alcohol 17 as an epimeric mixture which without separation was transformed into the xanthate 18. Our first intention was a reductive cyclization of the xanthate 18 to give rise to the tetracyclic steroid framework 21 via mesomeric radical intermediates such as 19 and 20. However, the product obtained was not the expected tetracyle 21 but the simple reduction product 22, [a] D 25 Ϫ82.1°(cϭ1.2, CHCl 3 ), when the xanthate 18 was treated with tributylstannane in toluene at reflux in the presence of azobisisobutylonitrile (AIBN) (Fig. 3) .
We, therefore, explored an alternative route to (ϩ)-estrone 1 using the reduction product 22. Thus, the product 22 was transformed into the epoxide 23, . When the ketone 25 was refluxed with ethylene glycol in toluene in the presence of p-toluenesulfonic acid, a facile cyclization occurred, as we have so far observed in certain cases, 1, 4, 5, 7) to give the tetracyclic product 26 as a mixture of two regio-isomers. After acid-catalyzed deketalization of the mixture 26, the resulting keto-olefin mixture 27, consisting of the D -isomer in a 7 : 3 ratio estimated by 1 H-NMR analysis, was treated with triethylsilane in benzene containing trifluoroacetic acid [10] [11] [12] 21) (Fig. 4) . In summary, we have developed a new route to (ϩ)-estrone 1 starting with our bicyclo[3.2.1]octane building block (Ϫ)-2 and have extended the versatility of our chiral building block.
